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$\varphi\partial\rho_{f}/\partial t+\nabla\cdot(\rho_{f}v)=0$ , (1)
$\rho_{f}[\varphi^{-1}\partial v/\partial t+\varphi^{-2}(v\cdot\nabla v)]=-\nabla P-\mu v/K$. (2)
$(1-\varphi)(\rho c)_{s}\partial T_{\epsilon}/\theta t=(1-\varphi)\nabla\cdot(k_{s}\nabla T_{s})+\hslash(T_{f}-T_{s})$ , (3a)
$\varphi(\rho c_{p})_{f}\theta\Gamma_{f}/\theta t+(\rho c_{r})_{f}v\cdot\nabla T_{f}=\varphi\nabla\cdot(k_{f}\nabla T_{f})+h(T_{*}-T_{f})$ , (3b)
( $=$ / ) $\varphi(<0.6$ $)$
Darqy $v$ $V$ $DupuForchheimer$
$v=\varphi V$ $K=K(D_{p}, \varphi)$ (




$(\rho e)_{m}\partial T/\partial t+(\rho c)_{f}v\cdot\nabla T=\nabla\cdot(k_{m}\nabla T)$, (5)
$(\rho c)_{m}=(1-\varphi)(\mu)_{*}+\varphi(\rho e_{p})_{f},$ $h_{m}=(1-\varphi)k_{s}+\varphi k_{f}$ ,
$\varphi\partial C/\theta t+v\cdot\nabla C=\nabla\cdot(d_{m}\nabla C)$ $+I$, (6a)









1 $(r, z)$ $R$ $H$
$g$
$v,$ $P,$ $T,$ $C$ $z=0$ $z=H$
To, $c_{0}$ $T_{1},$ $C_{1}$ $\alpha=(T_{0}-T_{1})/H,$ $\alpha c=(C_{0}-C_{1})/H$
$v_{b}=0$, $T_{b}=T_{0}-\alpha z$, $C_{b}=C_{0}-\alpha_{C}z$,
$P_{b}=P_{0}-\rho_{0}g[z+(\alpha\beta+\alpha_{C}\beta_{G})z^{2}/2]$ , $p_{f}=\rho_{0}[1-\beta(T-T_{0})-\beta_{c}(C-C_{0})]$ , (7)
:
$v=v_{b}+\tilde{v}$ , $P=P_{b}+\tilde{P}$, $T=T_{b}+\tilde{T}$, $C=C_{b}+\tilde{C}$. (8)
$\nabla^{2}$ $=(R_{T}\nabla_{H}^{2}\tilde{T}+R_{C}\nabla_{H}^{2}\tilde{C})$ , $\theta\tilde{T}/\partial t-\tilde{w}=\nabla^{2}\tilde{T}$ , $\partial\tilde{C}/\theta t-\tilde{w}=\nabla^{2}\tilde{C}$, (9)
$R_{T}$
$R_{T}= \frac{p_{0}g\beta KH^{2}\alpha}{\mu k_{m}}$, $R_{C}= \frac{\rho_{0}g\beta_{0}KH^{2}\alpha_{C}}{\mu d_{m}}$ ,
$(\tilde{w},\tilde{T},\tilde{C})=(W(r,z,\phi),T(r,z, \phi), C(r,z,\phi))e^{sl}$ , (10)
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$(s=0)$
$\nabla^{2}W=(R_{1}r\nabla_{H}^{2}T+R_{C}\nabla_{H}^{2}C)$ , $-W=\nabla^{2}T$, $-W=\nabla^{2}C$, (11)
$\nabla_{H}^{2}=\nabla^{2}-\partial^{2}/\partial z^{2}$
[5]:
$\partial W/\partial z+KW=0$, $\theta T/\partial z+LT=0$ , $\partial C/\partial z+MC=0$ ,
$\partial W/\theta r+SW=0$, $\partial T/\partial r+QT=0$ , $\partial C/\theta r+RC=0$ . (12)
$|K|,$ $|L|,$ $|M|,$ $|S|,$ $|Q|,$ $|R|=\infty$
$|K|,$ $|L|,$ $|M|,$ $|S|,$ $|Q|,$ $|R|=0$
(i) $z=0,1$
$W,T,C=0$, r $=$ s( ) $\partial(W,T,C)/\theta r=0$ , r $=$ O( ) $W,$ $R,T=finite$ (U)
$z=0$ $W,T,C=0,$ $z=1$ $\partial(W,T,C)/\partial z=0,$ $r=s$ $\partial(W,T,C)/\Re=0,$ $r=0$
$W,$ $R,T=finite$
$w=g(z)J_{m}(\lambda r)\cos(m\phi)$ , (13)
$J_{m}’(\lambda s)=0$ , $g^{(iv)}-2\lambda^{2}g’’+(\lambda^{4}-\lambda^{2}B_{\delta})g=0$ , (14)
$J_{m}$ $m$ Baesel Ra $=R_{T}+T_{C}$
(i) $g(O)=g(1)=g”(0)=g”(1)=0$ $g(z)=\sin(\pi z)$
Ra $=(\pi^{2}+\lambda^{2})^{2}/\lambda^{2}$ $\lambda=\pi$ Rayleigh Ra $=4\pi^{2}$ [6].
(H) $g(O)=g”(0)=0,g’(1)=g”’(1)=0$ $g(z)=\sin(\pi z/2)$
Ra $=[((\pi/2)^{2}+\lambda^{2}]^{2}/\lambda^{2}$ $\lambda=\pi/2$ Raylei-gh Ra $=\pi^{2}$
(i) $(-)$
Ra
2 Ra($=$ RT $+$ F6$arrow$ (Raylei ), $s(=R/H)$ ( )
(i) $m$ $0\leq r\leq s$
$T=\sin(\pi z)J_{m}(Z_{m}r/s)coe(m\phi),$ $W=(\pi^{2}+1)\sin(\pi z)J_{m}(Z_{m}r/s)\infty s(m\phi)$
$Z_{1}=1.841$ , $Z_{2}=3.054,$ $Z_{0}=3.832,$ $Z_{3}=4.201,$ $Z_{4}=5.318$,
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5: ( ), $\blacksquare$: : ( lcm), O:
( lcm), $\Delta$ : $+$ :3.645$p$. :
:
( 4) ( )
$\Delta$
$T_{p}$ ,




$-2\gamma a^{2}\Sigma_{\mapsto-1}^{\infty}[(-1)^{n}\exp(-\kappa n^{2}\pi^{2}t/a^{2})/(\kappa n^{2}\pi^{2}-\gamma a^{2})]]+B$. (16)
$A,$ $B,$ $\gamma$ $\kappa$
$A=69.0^{\Phi}C,$ $B=24.0^{O}C,$ $\gamma=0.0005/s,$ $l\sigma=1.5x10^{-7}m^{2}/s,$ $a=2.97em$
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6: ( ), $\blacksquare$: $\square$: ( lcm), O:
( lcm), $\Delta$ : $+$ :3645/.






$Ra$ $=pg\beta KH\Delta T/(\mu\kappa)$ . (17)
$\rho=998kg/m^{a}$ , $g=9.8m/$, $\beta=2.1\cross 10^{-4}/$
$oC$ , $\mu=10^{-3}Ns/m^{2}$ , $\kappa=1.5\cross 10^{-7}m^{2}/s$ , $D=$
5.94 ( ), 12oem( ), [$\equiv$ $\div$ ( $+$ )] $\phi$ $=0.549$,
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